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Background: Matrine is an alkaloid extracted from Sophorus beans of the legume
family, and it has significant effects and a variety of pharmacological activities.
Osteosarcoma(OS) is a common malignant bone tumor that is characterized by
high incidence and rapid progression. There have been some preliminary studies
on the therapeutic effect of matrine on OS, but the specific mechanism
remains unclear.

Objective: The aim of this study was to investigate the antitumor effect of
matrine on HOS cells and the underlying molecular mechanism.

Methods: The effects of matrine on the proliferation, apoptosis and cell cycle
progression of HOS cells were determined by CCK-8 assay, TUNEL assay and
flow cytometry in vitro. Wound healing and Transwell invasion assays were used
to observe the effect of matrine on the migration and invasion of HOS cells. The
mechanism underlying the antitumor effect of matrine on HOS cells was
investigated by Western blotting.

Results: Matrine significantly inhibited HOS cell proliferation, promoted HOS cell
apoptosis, and arrested HOS cells in the G1 phase of the cell cycle. Both wound
healing and Transwell invasion assays showed that matrine inhibited HOS cell
migration and invasion. Western blotting results showed that matrine inhibited
the activation of the MAPK/ERK signaling pathway. We found that matrine also
downregulated Bcl-2 expression, which may be related to protein
synthesis inhibition.

Conclusion: Matrine can inhibit the proliferation of HOS cells, arrest HOS cells in
the G1 phase, and promote HOS cell apoptosis through the MAPK/ERK
signaling pathway.
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Abbreviations: OS, Osteosarcoma; SANG, Sanguinarine; FBS, Fetal Bovine Serum; PMSF,
Phenylmethanesulfonylfluoride; BCA, bicinchoninic acid; DAPI, Dihydrochloride; TEMED,

Tetramethylethylenediamine.
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1 Introduction

Osteosarcoma (OS) is one of the most common primary
malignant bone tumors. OS is a tumor that is derived from
osteogenic mesenchymal stem cells; OS mainly affects the fastest
growing bone structures in children and adolescents, such as the
distal femur, proximal tibia and proximal humerus metaphysis region
(1), and it occurs less frequently in the skull, jaw, and pelvis (2).
Persistent local pain and venous distention are the main clinical
manifestations of OS. When patients develop generalized cachexia, it
seriously threatens their lives. Recent IARC data indicate that
primary malignant bone tumors are a common type of cancer in
children and adolescents. Primary malignant bone tumors are
estimated to account for 3% to 5% of cancer cases in children and
adolescents, but these tumors are rare in adults, accounting for 1% of
all cancer cases in adults (3, 4). The initial symptoms are often local
swelling and pain, and these tumors are not easily diagnosed and
taken seriously. It is often difficult to effectively treat these tumors due
to their small size and the limited treatment methods. Moreover, OS
is prone to lung metastasis, there is a lack of effective therapeutic
targets, and it easily develops drug resistance. As a result, OS is
associated with high disability and mortality rates, and it is difficult to
cure. Although neoadjuvant chemotherapy has been a standard
treatment in clinical practice in recent years, the prognosis of
patients with OS is still unsatisfactory (5). Therefore, the search for
more effective treatment methods to improve patient survival rates
has become the focus of scientific research and clinical work. In
recent years, with the development of the economy, the application of
traditional Chinese medicine in new drug development and
treatment has become increasingly extensive. The role of traditional
Chinese medicine in treatment has become increasingly prominent.
For example, in ovarian cancer, pancreatic cancer, colon cancer,
gastric cancer and other cancers, berberine can exert anticancer
effects by inhibiting cell proliferation (6-8). Ginsenoside can play a
role in treating colon cancer, non-small cell lung cancer, breast cancer
and other cancers by promoting tumor cell apoptosis (9, 10).
Sanguinarine (SANG), a naturally isolated plant alkaloidal agent,
possesses chemo-preventive effects. Several studies have revealed that
SANG impedes tumor metastasis and development by disrupting a
wide range of cell signaling pathways and its molecular targets, such
as BCL-2, MAPKs, Akt, NF-kB, ROS, and microRNAs (miRNAs)
(11). Similarly, matrine, an alkaloid extracted from the traditional
Chinese medicine Sophora flavescens Aiton, has been shown to have
potential anticancer properties (12, 13). Matrine is known to exert a
variety of pharmacological effects, including anti-inflammatory,
antiallergic, antiviral, antifibrotic, and cardiovascular protective
effects. Furthermore, matrine has demonstrated significant potential
for use in cancer treatment due to its ability to accelerate cell
apoptosis, inhibit tumor cell growth and proliferation, induce cell
cycle arrest, suppress cancer metastasis and invasion, inhibit
angiogenesis, promote autophagy, reverse multidrug resistance, and
inhibit cell differentiation (12). The mitogen-activated protein kinase/
extracellular regulated protein kinase (MAPK/ERK) pathway plays a
key role in cancer progression (14). The MAPK/ERK signaling
pathway, with its intricate cascade and broad spectrum of
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biological functions, continues to be a significant focus for
understanding cellular processes and diseases, especially cancer.
Recent literature not only provides insights into the core
mechanism but also explores the pathological significance and
interactions of this pathway, making it a promising direction for
future research and therapeutic interventions. The aim of this study
was to investigate how matrine affects the proliferation of HOS cells
by regulating the MAPK/ERK signaling pathway. The results show
that matrine has the potential to be used in the treatment of OS.

2 Materials and methods

2.1 Materials

Matrine was obtained from the Hubei Key Laboratory of Wu, dang
Local Chinese Medicine. HOS cells were obtained from the Shanghai
Institute of Biochemistry and Cell Biology, Chinese Academy of
Sciences (Shanghai, China). MEM, 1640 medium, 1% penicillin-
streptomycin solution, and trypsin solution (0.25% trypsin) were
purchased from Procell Life Science & Technology Co., Ltd. Fetal
bovine serum (FBS) (10%) was purchased from ExCell Bio. CCK-8 was
purchased from MCE. Phenylmethanesulfonylfluoride (PMSF) was
purchased from Aladdin Co., Ltd. (Shanghai). PD98059, RIPA lysis
buffer, a bicinchoninic acid (BCA) protein assay kit, propidium iodide
(PI), and dihydrochloride (DAPI) were purchased from Beyotime
Biotechnology Co., Ltd. (China). Tetramethylethylenediamine
(TEMED) was purchased from Sinopharm Chemical Reagent Co.,
Ltd. Annexin V-FITC and PI were purchased from Vazyme Biotech
Co., Ltd. Antifade Mountant Medium Biogradetech was purchased
from SouthernBiotech. Poly (vinylidene fluoride) (PVDF) membranes
were purchased from Millipore. A rabbit anti-Bcl2 polyclonal antibody
and a rabbit anti-BAX monoclonal antibody were purchased from
Bioss Biotechnology Co., Ltd.

2.2 Cell culture and viability assay

HOS cells were seeded in MEM supplemented with 10% FBS
and 1% penicillium-streptomycin at 37°C in 5% carbon dioxide.
When the confluence of the cells reached 80%, 1-2 ml of 0.25%
trypsin was added to digest the cells. After digestion, the trypsin was
quickly discarded, and the cells were passaged at a ratio of 1:3. Cells
in the exponential phase of growth were selected and seeded in 96-
well plates (3x10> cells/well) to establish a blank cell group. The
cells in both groups were incubated for 24 h at 37°C in 5% carbon
dioxide. Then, the cells were divided into three groups: one group of
culture dishes was treated with 5 pug/ml matrine, another group was
treated with PD98059 and matrine, and the remaining group of
untreated cells served as the control group. All the cells were
incubated in fresh medium for 72 h. Ten microliters of CCK-8
solution was added to each well, and the incubation was continued
for 4 h. The optical density (OD) of the cells in each well was
determined at a wavelength of 450 nm using an enzyme-linked
immunosorbent assay (Molecular Devices, USA).
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2.3 Cell apoptosis assay

Passaged cells in the exponential phase of growth were seeded in
6-well plates (3x10° cells/well) and incubated for 24 h at 37°C in 5%
carbon dioxide. After the cells were plated, the plates were divided
into three groups: one group was incubated with 5 pg/ml matrine,
and the other group was treated with D98059 and matrine, and
untreated cells were used as the control group. All of these cells were
incubated in fresh medium for 72 h. After 72 hours, the cells were
collected by trypsin digestion, treated with 10 pL of RNase, and
incubated at 37°C for 30 minutes. Then, 10 UL PI was added, and
the cells were stained at 4°C in the dark for 30 minutes. The

apoptosis rate was determined by flow cytometry.

2.4 Wound healing assay

Cells were seeded in 6-well plates (5x 10°cells/well) and incubated
at 37°C in 5% CO, for 24 h. Wounds were created in monolayers of
HOS cells with sterile pipette tips. The cells that were wounded by the
pipette tip were aspirated from the culture plate, and the remaining
cells were treated with fresh serum-free medium supplemented with
different concentrations of matrine for 24 h. The change in the width
of the wound at the same site was observed at 0 h and 24 h.

2.5 Cell migration and invasion assay

In the invasion assay, HOS cells were resuspended in serum-free
1640 medium, diluted to a concentration of 2x10* cells/ml in
serum-free MEM, and set aside. Then, 800 pl of medium
supplemented with was added to the lower chamber of the
Transwell plate. Next, 100 pl of Matrigel (final concentration of 1
mg/ml) was added to the upper chamber of the Transwell plate and
allowed to solidify at 37°C for 4-5 hours to form a Matrigel
membrane. After the Matrigel had formed a gel, 200 ul of a
suspension of matrine-treated cells was added to the upper
chamber of the Transwell plate and incubated at 37°C in a 5%
CO, incubator for 24 h. The cells were then fixed with 70% cold
ethanol for 1 h, stained with 0.5% crystal violet solution and
incubated at room temperature for 20 min. After washing with
PBS, any cells that had not crossed into the lower chamber from the
upper chamber were removed. The cells were observed with an
inverted phase contrast microscope (Olympus, Japan). The
migration assay procedure was the same as that for the invasion
assay, except that Matrigel was not used.

2.6 Western blotting analysis

After harvesting the treated cells, 100 ul of lysis buffer
containing PMSF was added to each well, and the cells were lysed
for 30 min on ice. The plates were centrifuged at 12000 rpm for 5
min at 4°C, and the supernatants were carefully collected. Protein
concentrations were analyzed using the BCA kit according to the
manufacturer’s instructions. The OD value was determined using
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an OS-3022A microplate reader. The linear regression equation was
calculated from the standard protein concentrations and the
corresponding OD values, and the sample protein concentrations
were calculated using the regression equation based on the OD
values of the protein samples. Protein loading buffer was then added
to the protein solutions, and the proteins were denatured for 10 min
at 95°C. The proteins (40 pg) were then loaded onto 10% gels,
separated by SDS-PAGE, and transferred to PVDF membranes.
The membranes were then blocked with 5% skim milk for 2 h and
incubated with the appropriate primary antibody (1:1000)
overnight at 4°C on a shaker. The PVDF membranes were
washed five times with TBST, and then secondary antibodies
(1:10 000) were added and incubated for 2 h at room temperature
on a shaker. Finally, the ECL kit (Applygen, China) was used for
development according to the supplier’s instructions, and the gray
values on the film were analyzed using BandScan.

2.7 Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling assay

Treated cells were collected and fixed with 4%
paraformaldehyde at pH 7.4 for 15 min, followed by three washes
with PBS to remove residual fixative. To ensure the penetration of
subsequent reagents, the samples were treated with 20 ug/ml
proteinase K solution for 20 min. The slides were then coated
with 1x equilibration buffer and incubated at room temperature for
15 min in preparation for further labeling. After equilibration, TdT
incubation buffer was added and incubated for 60 min at 37°C. To
clearly visualize the nuclei, the nuclei were stained with DAPI for 5
min and subsequently washed to remove excess dye. Finally, for
long-term preservation and observation, we sealed the slides with
mounting solution containing anti-fluorescence quenching agents,
and images were acquired under a fluorescence microscope.

2.8 Statistical analysis

The data were calculated based on triplicate experiments and
are expressed as the mean + SD. The data were analyzed using SPSS
25.0 statistical software, and cell counting was performed with
Image] software. The graphs were generated with GraphPad
Prism 8.0. Comparisons between two or more groups were
performed by Student’s ¢ test or one-way analysis of variance. P
<0.05 was considered to be statistically significant.

3 Results

3.1 Matrine inhibited HOS cell activity
and proliferation

HOS cells were treated with different concentrations of matrine
for 72 h in vitro, and the effect of matrine on cell viability was
analyzed by CCK8 assay. Figure 1A shows that matrine significantly
inhibited the activity of HOS cells, and the inhibitory effect was
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(A, B) Matrine inhibited HOS cell proliferation. The proliferation of HOS cells was decreased after matrine treatment in a dose-dependent manner.

HOS cell proliferation was enhanced after pathway inhibitor treatment.

enhanced with increasing matrine concentration (P < 0.01). After
the addition of an MAPK/ERK pathway inhibitor (PD98059), the
cell activity was enhanced.

3.2 Matrine induced HOS cell apoptosis
and cell cycle arrest in the G1 phase

To determine the effect of matrine on HOS cell cycle progression,
flow cytometry was performed, and the cell cycle progression of HOS
cells was determined, as shown in the (Figures 2A-D). Matrine caused
a significant increase in the number of cells in the G1 phase. These
results indicated that matrine increased HOS cell apoptosis and
induced cell cycle arrest in the G1 phase.

3.3 Matrine Inhibits HOS Cell Migration
and Invasion

Cell migration and invasion are hallmarks of tumor progression.
To assess the effect of matrine on HOS cell migration and invasion,
wound healing and Transwell assays were performed after treating the
cells with different concentrations of matrine for 24 hours. The results
of the wound healing assay (Figure 3A) showed that the wound area
was significantly larger in the matrine treatment group than in the
control group. The Transwell results (Figure 3B) showed that the
number of migrating and invading HOS cells was significantly lower in
the 40 and 60 pM matrine treatment groups than in the control group.
These results indicated that matrine inhibited the migration and
invasion of HOS cells in a concentration-dependent manner.

3.4 Matrine regulated the expression of
MAPK/ERK pathway-related proteins in
HOS cells

To further investigate the mechanism underlying the antitumor
effects of matrine on HOS cells, the expression level of MAPK/ERK
signaling pathway components was determined. Western blotting
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was used to measure the expression and phosphorylation of Bax and
Bcl-2, the key regulatory proteins in the pathway. As shown in
Figures 4A, B, matrine and PD98059 had similar effects. The
expression and phosphorylation of Bcl-2 were decreased, while
the expression and phosphorylation of Bax were increased in a
dose-dependent manner. These data suggest that matrine may
inhibited the activation of the MAPK/ERK signaling pathway in
HOS cells.

3.5 Matrine induced apoptosis in HOS cells

To investigate the effect of matrine on HOS cell apoptosis, a
TUNEL assay was performed. DAPI staining showed that matrine-
treated OS cells exhibited morphological features of early apoptotic
cells, such as bright nuclear condensation or debris (Figure 5). At
higher matrine concentrations, apoptotic bodies began to appear. We
also found that higher matrine concentrations increased the number
of late apoptotic cells. The greatest cell death occurred within 48 hours
after drug treatment (data not shown). Next, we added PD98059, a
pathway inhibitor, and found that matrine exerted effects that were
similar to those of PD98059. The apoptosis rates of the cells treated
with matrine and that of the cells treated with the pathway inhibitor
PD98059 were much higher than that of the control cells, and most of
the apoptotic cells were in the early stages of apoptosis. These
experimental data suggest that matrine inhibits the proliferation of
human OS cells mainly by inducing apoptosis.

4 Discussion

Prior to the 1970s, the primary strategy for treating OS was
surgical tumor resection, which unfortunately resulted in a long-
term survival rate of less than 20%. Notably, approximately 85% of
deaths were attributed to distant metastasis of the tumor,
predominantly to the lungs. Fortunately, with the introduction of
neoadjuvant chemotherapy, the survival rate of OS patients has
significantly increased to approximately 65%. However, based on
recent large-scale randomized controlled trial results, the survival
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(A-D) Flow cytometry analysis of matrine-induced arrest of HOS cells in the G1 phase.

rate of OS patients appears to have plateaued at approximately 65%.
This plateau might be associated with the lack of significant
breakthroughs in our understanding of the key molecular
mechanisms underlying OS; hence, efficacious therapeutic targets

are still lacking. In light of this, there is an urgent need to
thoroughly study the molecular pathogenesis of OS and to
identify novel therapeutic targets with the aim of further
enhancing patient survival rates and improving prognosis (15-17).

FIGURE 3
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Matrine inhibits the migration and invasion of HOS cells. (A) In the wound healing assay, the wound area was significantly larger in the matrine
treatment group than in the control group. (B) The migration and invasion ability of HOS cells was significantly inhibited after treatment with

different concentrations of matrine.
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Matrine inhibited activation of the MAPK/ERK pathway in HOS cells. IHC results of HOS cells. (A, B) Matrine downregulated the expression and
phosphorylation of Bcl-2 and upregulated the expression and phosphorylation of Bax in HOS cells. *P<0.05.

The application of traditional Chinese medicine in the
treatment of OS has gradually attracted widespread attention in
recent years. Among these agents, matrine, a quinolizine alkaloid
extracted from the roots of traditional Chinese medicines such as
Sophora flavescens and Sophora sophora flavescens, has been shown
to perform various biological functions. Decades of studies have
revealed a variety of biological activities of these compounds and
their derivatives, including anticancer, anti-inflammatory, antiviral,
analgesic, antifibrotic, antiparasitic and antibacterial activities. In
particular, the anticancer activity of matrine has attracted the
attention of researchers and the public (18, 19). However, the
antitumor effect of matrine on OS remains unclear. Therefore, in
the present study, we aimed to verify whether different
concentrations of matrine can inhibit the proliferation of OS cells.
Our findings showed that different concentrations of matrine had a
dose-dependent effect on HOS cell proliferation. With the
continuous development of modern medical technology and
concepts, tumor treatment strategies have shifted from the simple
inhibition of tumor cell proliferation to a more diversified path.
Among these treatment approaches, promoting the apoptosis of
tumor cells has gradually become the frontier of treatment research.
Apoptosis is a finely regulated and programmed mode of cell death
that plays a key role in maintaining cell homeostasis in the body.
However, tumor cells often exhibit resistance to this natural
apoptotic mechanism. Excessive proliferation and resistance to
apoptosis are two major factors that contribute to tumor
development and progression. Therefore, it is of great importance
to study and develop drugs and treatments that can reactivate the
apoptotic processes of tumor cells to improve the efficacy of
antitumor therapy. In the present study, DAPI staining showed
that the apoptosis rate of matrine-treated HOS cells was higher than
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that of the control cells. In addition, flow cytometry analysis showed
that matrine effectively promoted the progression of tumor cells to
the G1 phase of the cell cycle. The results showed that matrine
inhibited cell proliferation and induced apoptosis in HOS cells and
arrested the cell cycle at the G1 phase.

The biological characteristics of malignant tumors primarily
include uncontrolled cell proliferation and continuous
angiogenesis, which are closely associated with aberrations in
cell cycle regulation (20). Malignant tumors exhibit significant
migration and invasion during their progression. To effectively
treat this disease, it is particularly critical to control the metastasis
of tumor cells. In this study, the wound healing test provided us
with an excellent platform for observing migration. According to
the results, when the cells were treated with matrine, the wound
area was markedly different from the untreated control, showing
the effect of matrine on the behavior of the cells. To further
confirm this observation, we then performed a Transwell assay.
The results of this assay confirmed our observations, showing a
significant decrease in the number of migrating and invading
HOS cells in the matrine-treated group. Taken together, these
findings provide strong evidence that matrine has a potential
therapeutic effect by inhibiting the migration and invasion of
cancer cells.

The occurrence of tumors is closely related to abnormalities in
cell signaling pathways. Previous studies (21, 22) have shown that
matrine can enhance the effect of doxorubicin through the STAT3
pathway and exert an anti-OS effect by inactivating the Akt
pathway. In recent years, cellular signaling pathways have
attracted significant attention in the field of cancer biology, with
the MAPK/ERK pathway being particularly noteworthy (23, 24).
This pathway plays a central role in various cellular physiological
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observed under a fluorescence microscope (400x), and apoptotic bodies began to appear. HOS

cells treated with matrine and PD98059 were stained with DAPI reagent and observed under a fluorescence microscope (400x). The apoptosis rate of

the treated cells was much higher than that of the control cells

and pathological processes, including cell proliferation,
differentiation, apoptosis, and stress responses. Our research
indicates that matrine can inhibit the proliferation of
osteosarcoma cells by suppressing the activation of the MAPK/
ERK pathway. The MAPK/ERK pathway primarily consists of
three cascading kinases, namely, MAPKKK, MAPKK, and MAPK.
Notably, the molecular complexity of this pathway is further
emphasized by its four main branches: p38, JNK, ERK1/2, and
ERKS5 (25, 26). Importantly, the ERK1/2 and ERK5 branches play
a predominant role in cell proliferation, differentiation, and
angiogenesis, while JNK and p38 are mainly related to stress
responses and cell apoptosis (27). The diversity within the ERK
family is also impressive, including members such as ERK1, ERK2,
ERK3, ERKS, and ERK6 (28). Although ERK1/2 are often referred
to as kinases that promote cell proliferation, their functions extend
beyond this role, as they also mediate cell cycle arrest and (29).
Moreover, ERK1 and ERK2 are clearly the most dominant
members of the ERK family, and their abnormal activation is
closely associated with malignancy in various cancers (30, 31).
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, and most of the apoptotic cells were in the early stage of apoptosis

Studies on adrenal cortical tumors have shown the significant
therapeutic potential of targeting the MAPK/ERK pathway. For
instance, the MEK-MAPK-ERK pathway inhibitor PD184352 has
been proven to significantly reduce the proliferation and
steroidogenesis of the H295R adrenal cortical carcinoma cell
line, providing valuable insights into new therapeutic
approaches (32). Research on lung adenocarcinoma has also
revealed the critical role of the MAPK/ERK pathway in
regulating the proliferation of lung cancer stem cells, while the
PI3K/AKT signaling pathway further promotes the proliferation
of lung adenocarcinoma cells through its antiapoptotic
mechanism (33). In summary, abnormalities in the signal
transduction of the ERK pathway, such as overactivation or
inhibition, may lead to excessive cell proliferation or prevent
cell apoptosis, both of which are critical factors in tumor
development (34, 35). A deeper understanding of the ERK/
MAPK signaling pathway can not only reveal the molecular
mechanisms of tumors but also aid in identifying novel targets
for cancer therapy. Given the pivotal role of this pathway in
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various malignant tumors, there is a compelling case that
therapeutic strategies that target this pathway will play a
significant role in future anticancer strategies. Previous studies
have shown that matrine can exert anti-OS effects by
downregulating the ERK-NF-xB pathway (36), regulating Bax,
Fas/Fasl and Bcl-2 (37), and inducing mitochondrial caspase-
dependent apoptosis (38). (21) Studies have shown that matrine
has significant effects on inhibiting growth and promoting
apoptosis in HOS cells, and its anti-proliferation effects may be
mainly dependent on the inhibition of AKT phosphorylation.
Matrine can regulate AKT, glycogen synthesis kinase 3- (GSK3-
B), cyclin D1, p27Kipl and Bax, which regulate the cell cycle and
apoptosis. However, it can only increase the expression of Bax and
inhibit the phosphorylation of AKT. In the present study, we used
Western blotting to determine the expression levels of proteins
involved in the MAPK/ERK signaling pathway. The results
showed that matrine exerted effects that were similar to those of
PD98059, a pathway inhibitor, leading to decreased expression
and phosphorylation of Bcl-2. However, the expression and
phosphorylation of Bax increased in a dose-dependent manner.

5 Conclusion

In conclusion, the present study showed that matrine inhibited
cell proliferation, induced cell cycle arrest in the G1 phase, and
promoted apoptosis, possibly by inhibiting the MAPK/ERK
signaling pathway, in HOS cells. This may be related to the
expression of Bax and Bcl-2. This study laid a theoretical
foundation for the application of matrine in the treatment of OS.
However, as a preliminary study, its limitations are also evident. We
only analyzed one cell line in the in vitro experiments, and whether
matrine exerts the same effect on other OS cell lines in vitro still
needs further investigation. In the future, we will conduct
experiments on other cell lines and other animal models to
further explore the molecular mechanism. In addition, we need to
further investigate the effects of matrine on other signaling
pathways to more fully understand the mechanism underlying its
anticancer effect. Overall, our study revealed a potential mechanism
by which matrine inhibits the proliferation of OS cells, providing
new evidence for its use as an anticancer agent. Future studies can
further explore its potential application in the treatment of OS.

In our experiments, in vivo tests showed that matrine effectively
inhibited tumor growth. By histological analysis, we observed a
typical apoptotic cell morphology in the tumors of mice treated with
matrine, which is consistent with the in vitro results. The
immunohistochemistry results showed that matrine treatment
decreased the expression of Bcl-2 and increased the expression of
Bax. Although the subcutaneous transplantation model is
convenient for drug delivery and tumor assessment, orthotopic
transplantation is still a more ideal bone tumor model. Therefore, it
is of great interest to use this model to further evaluate the
therapeutic effect of matrine. Taken together, our study confirmed
the ability of matrine to inhibit the growth of human OS cells in
vitro. The possible mechanism involves the regulation of the Bcl-2/
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Bax ratio and the induction of OS cell apoptosis. This study
provides a strong experimental basis for the use of matrine as a
new strategy for treating OS, either alone or in combination with
other drugs or monoclonal antibodies.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the studies on animals in
accordance with the local legislation and institutional requirements
because only commercially available established cell lines were used.

Author contributions

XH: Conceptualization, Methodology, Writing - original draft.
JuZ: Writing - review & editing. SR: Writing - review & editing. ZL:
Writing — review & editing. JiZ: Writing - review & editing. HC:
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Hubei Provincial health and health commission
funded projects (No. WJ2021M052), the Open Project of Hubei Key
Laboratory of Wudang Local Chinese Medicine Research
(Hubei University of Medicine) (Grant No. WDCM2020003) and
Graduate Science and Technology Innovation Project of Hubei
University of Medicine (No:YC2022044).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1338811
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

References

1. Li Z, Li X, Xu D, Chen X, Li S, Zhang L, et al, et al. An update on the roles of
circular RNAs in osteosarcoma. Cell Prolif. (2020) 54:¢12936. doi: 10.1111/cpr.12936

2. Kunisada T, Nakata E, Fujiwara T, Hosono A, Takihira S, Kondo H, et al. Soft-
tissue sarcoma in adolescents and young adults. Int J Clin Oncol. (2023) 28(1):1-11.
doi: 10.1007/s10147-022-02119-7

3. Karalexi MA, Markozannes G, Tagkas CF, Katsimpris A, Tseretopoulou X,
Tsilidis KK, et al. Nutritional status at diagnosis as predictor of survival from
childhood cancer: A review of the literature. Diagnostics. (2022) 12:2357.
doi: 10.3390/diagnostics12102357

4. Sergi CM. Targeting the ‘garbage-bin’ to fight cancer: HDAC6 inhibitor WT161
has an anti-tumor effect on osteosarcoma and synergistically interacts with 5-FU. Biosci
Rep. (2021) 8. doi: 10.1042/BSR20210952

5. Meltzer PS, Longo DL, Helman LJ. New horizons in the treatment of
osteosarcoma. N Engl ] Med. (2021) 385:2066-76. doi: 10.1056/NEJMra2103423

6. Vlavcheski F, O'Neill EJ, Gagacev F, Tsiani E. Effects of berberine against
pancreatitis and pancreatic cancer. Molecules. (2022) 27:8630. doi: 10.3390/
molecules27238630

7. LiuL, FanJ, Ai G, LiuJ, Luo N, Li C, et al. Berberine in combination with cisplatin
induces necroptosis and apoptosis in ovarian cancer cells. Biol Res. (2019) 52:1-14.
doi: 10.1186/s40659-019-0243-6

8. XuM, Ren L, Fan J, Huang L, Zhou L, Li X, et al. Berberine inhibits gastric cancer
development and progression by regulating the JAK2/STAT3 pathway and
downregulating IL-6. Life Sci. (2021) 290:120266. doi: 10.1016/j.1fs.2021.120266

9. Peng K, Wenjie C, Zicheng H, Yubin W, Xifeng M, Yisen H, et al. Ginsenoside
Rh2 inhibits breast cancer cell growth via ERB-TNFo. pathway. Acta Biochim Biophys
Sin. (2022) 54:647-56. doi: 10.3724/abbs.2022039

10. Hong S, Cai W, Huang Z, Wang Y, Mi X, Huang Y, et al. Ginsenoside Rg3
enhances the anticancer effect of 5-FU in colon cancer cells via the PI3K/AKT
pathway. Oncol Rep. (2020) 44:1333-42.

11. Ullah A, Ullah N, Aziz T, Nawaz T. Molecular mechanisms of sanguinarine in
cancer prevention and treatment. Anticancer Agents Med Chem. (2023) 23:765-78.
doi: 10.2174/1871520622666220831124321

12. Chen F, Pan Y, Xu J, Liu B, Song H. Research progress of matrine’s anticancer
activity and its molecular mechanism. J Ethnopharmacol. (2021) 286:114914.
doi: 10.1016/j,jep.2021.114914

13. Zhang H, Chen L, Sun X, Yang Q, Guo C. Matrine: A promising natural product
with various pharmacological activities. Front Pharmacol. (2020) 11. doi: 10.3389/
fphar.2020.00588

14. Asl ER, Amini M, Najafi S, Mansoori B, Mokhtarzadeh A, Mohammadi A, et al.
Interplay between MAPK/ERK signaling pathway and MicroRNAs: A crucial
mechanism regulating cancer cell metabolism and tumor progression. Life Sci.
(2021) 278:119499. doi: 10.1016/j.1fs.2021.119499

15. Cole S, Gianferante DM, Zhu B, Mirabello L. Osteosarcoma: a Surveillance,
Epidemiology, and End Results program-based analysis from 1975 to 2017. Cancer.
(2022) 128:2107-18. doi: 10.1002/cncr.34163

16. Czarnecka AM, Synoradzki K, Firlej W, Bartnik E, Rutkowski P. Molecular
biology of osteosarcoma. Cancers. (2020) 12:2130. doi: 10.3390/cancers12082130

17. Lilienthal I, Herold N. Targeting molecular mechanisms underlying treatment
efficacy and resistance in osteosarcoma: A review of current and future strategies. Int |
Mol Sci. (2020) 21:6885. doi: 10.3390/ijms21186885

18. Qin X-G, Hua Z, Shuang W, Wang YH, Cui YD. Effects of matrine on HepG2
cell proliferation and expression of tumor relevant proteins in vitro. Pharm Biol. (2010)
48:275-81. doi: 10.3109/13880200903104101

19. Zhang J-Q. Antitumor effect of matrine in human hepatoma G2 cells by
inducing apoptosis and autophagy. World ] Gastroenterol. (2010) 16:4281-90.
doi: 10.3748/wjg.v16.i34.4281

Frontiers in Oncology

09

10.3389/fonc.2024.1338811

20. Montalto FI, Amicis FD. Cyclin D1 in cancer: A molecular connection for cell
cycle control, adhesion and invasion in tumor and stroma. Cells. (2020) 9:2648.
doi: 10.3390/cells9122648

21. Xu GP, Zhao W, Zhuang JP, Zu JN, Wang DY, Han F, et al. Matrine inhibits the
growth and induces apoptosis of osteosarcoma cells in vitro by inactivating the Akt
pathway. Tumor Biol. (2015) 36:1653-9. doi: 10.1007/s13277-014-2764-5

22. Zhou H, Chen S, Yang Y, Yang C, Chen D, Yao Z, et al. Matrine enhances the
efficacy of adriamycin chemotherapy in osteosarcoma cells by the STAT3 pathway.
Anti-Cancer Drugs. (2019) 30:1006-12. doi: 10.1097/CAD.0000000000000796

23. Guo YJ, Pan WW, Liu SB, Shen ZF, Hu LL. ERK/MAPK signalling pathway and
tumorigenesis (Review). Exp Ther Med. (2020) 19(3):1997-2007. doi: 10.3892/etm

24. Liang Z, Xie W, Wu R, Geng H, Zhao L, Xie C, et al. Inhibition of tobacco
smoke-induced bladder MAPK activation and epithelial-mesenchymal transition in
mice by curcumin. Int J Clin Exp Pathol. (2015) 8:4503.

25. Lee S, Rauch J, Kolch W. Targeting MAPK signaling in cancer: mechanisms of
drug resistance and sensitivity. Int ] Mol Sci. (2020) 21:1102. doi: 10.3390/ijms21031102

26. Liang Y-J, Yang W-X. Kinesins in MAPK cascade: How kinesin motors
are involved in the MAPK pathway? Gene. (2018) 684:1-9. doi: 10.1016/
j.gene.2018.10.042

27. Park HB, Hwang S, Baek KH. USP7 regulates the ERK1/2 signaling pathway
through deubiquitinating Raf-1 in lung adenocarcinoma. Cell Death Dis. (2022) 13:698.
doi: 10.1038/s41419-022-05136-6

28. Houles T, Roux PP. Defining the role of the RSK isoforms in cancer. Semin
Cancer Biol. (2018) 48:53-61. doi: 10.1016/j.semcancer.2017.04.016

29. Park J-I. MAPK-ERK pathway. Int ] Mol Sci. (2023) 24. doi: 10.3390/
1jms24119666

30. Paul S, Soria J-C, Hollebecque A, LoRusso P, Bendell ], Huang S-MA, et al.
Activation-induced substrate engagement in ERK signaling. Mol Biol Cell. (2020)
31:235-43. doi: 10.1091/mbc.E19-07-0355

31. Varga A, Soria J-C, Hollebecque A, LoRusso P, Bendell ], Huang S-MA, et al. A
first-in-human phase I study to evaluate the ERK1/2 inhibitor GDC-0994 in patients
with advanced solid tumors. Clin Cancer Res. (2020) 6:1229-36. doi: 10.1158/1078-
0432.CCR-19-2574

32. Pereira SS, Monteiro MP, Costa MM, Ferreira J, Alves MG, Oliveira PF, et al.
MAPK/ERK pathway inhibition is a promising treatment target for adrenocortical
tumors. J Cell Biochem. (2019) 120:894-906. doi: 10.1002/jcb.27451

33. LiJ, Wang J, Xie D, Pei Q, Wan X, Xing HR, et al. Characteristics of the PI3K/
AKT and MAPK/ERK pathways involved in the maintenance of self-renewal in lung
cancer stem-like cells. Int ] Biol Sci. (2021) 17:1191-202. doi: 10.7150/ijbs.57871

34. Asati V, Mahapatra DK, Bharti SK. PI3K/Akt/mTOR and Ras/Raf/MEK/ERK
signaling pathways inhibitors as anticancer agents: Structural and pharmacological
perspectives. Eur ] Med Chem. (2016) 109:314-341. doi: 10.1016/j.ejmech.2016.01.012

35. Kim EK, Choi EJ. Pathological roles of MAPK signaling pathways in human
diseases. Biochim Biophys Acta. (2010) 1802:396-405. doi: 10.1016/
j.bbadis.2009.12.009

36. LiY, Zhang Z-N, Zhao H-M, Tong Z-C, Yang ], Wang H, et al. Matrine inhibits
the invasive properties of human osteosarcoma cells by downregulating the ERK-NF-
kB pathway. Anti-Cancer Drugs. (2014) 25:1035-43. doi: 10.1097/
CAD.0000000000000136

37. Liang CZ, Zhang JK, Shi Z, Liu B, Shen CQ, Tao HM. Matrine induces caspase-
dependent apoptosis in human osteosarcoma cells in vitro and in vivo through the
upregulation of Bax and Fas/FasL and downregulation of Bcl-2. Cancer Chemother
Pharmacol. (2012) 69:317-31. doi: 10.1007/s00280-011-1699-4

38. YanF, Liu Y, Wang W. Matrine inhibited the growth of rat osteosarcoma UMR-

108 cells by inducing apoptosis in a mitochondrial-caspase-dependent pathway. Tumor
Biol. (2013) 34:2135-40. doi: 10.1007/s13277-013-0744-9

frontiersin.org


https://doi.org/10.1111/cpr.12936
https://doi.org/10.1007/s10147-022-02119-7
https://doi.org/10.3390/diagnostics12102357
https://doi.org/10.1042/BSR20210952
https://doi.org/10.1056/NEJMra2103423
https://doi.org/10.3390/molecules27238630
https://doi.org/10.3390/molecules27238630
https://doi.org/10.1186/s40659-019-0243-6
https://doi.org/10.1016/j.lfs.2021.120266
https://doi.org/10.3724/abbs.2022039
https://doi.org/10.2174/1871520622666220831124321
https://doi.org/10.1016/j.jep.2021.114914
https://doi.org/10.3389/fphar.2020.00588
https://doi.org/10.3389/fphar.2020.00588
https://doi.org/10.1016/j.lfs.2021.119499
https://doi.org/10.1002/cncr.34163
https://doi.org/10.3390/cancers12082130
https://doi.org/10.3390/ijms21186885
https://doi.org/10.3109/13880200903104101
https://doi.org/10.3748/wjg.v16.i34.4281
https://doi.org/10.3390/cells9122648
https://doi.org/10.1007/s13277-014-2764-5
https://doi.org/10.1097/CAD.0000000000000796
https://doi.org/10.3892/etm
https://doi.org/10.3390/ijms21031102
https://doi.org/10.1016/j.gene.2018.10.042
https://doi.org/10.1016/j.gene.2018.10.042
https://doi.org/10.1038/s41419-022-05136-6
https://doi.org/10.1016/j.semcancer.2017.04.016
https://doi.org/10.3390/ijms24119666
https://doi.org/10.3390/ijms24119666
https://doi.org/10.1091/mbc.E19-07-0355
https://doi.org/10.1158/1078-0432.CCR-19-2574
https://doi.org/10.1158/1078-0432.CCR-19-2574
https://doi.org/10.1002/jcb.27451
https://doi.org/10.7150/ijbs.57871
https://doi.org/10.1016/j.ejmech.2016.01.012
https://doi.org/10.1016/j.bbadis.2009.12.009
https://doi.org/10.1016/j.bbadis.2009.12.009
https://doi.org/10.1097/CAD.0000000000000136
https://doi.org/10.1097/CAD.0000000000000136
https://doi.org/10.1007/s00280-011-1699-4
https://doi.org/10.1007/s13277-013-0744-9
https://doi.org/10.3389/fonc.2024.1338811
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The use of matrine to inhibit osteosarcoma cell proliferation via the regulation of the MAPK/ERK signaling pathway
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Cell culture and viability assay
	2.3 Cell apoptosis assay
	2.4 Wound healing assay
	2.5 Cell migration and invasion assay
	2.6 Western blotting analysis
	2.7 Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling assay
	2.8 Statistical analysis

	3 Results
	3.1 Matrine inhibited HOS cell activity and proliferation
	3.2 Matrine induced HOS cell apoptosis and cell cycle arrest in the G1 phase
	3.3 Matrine Inhibits HOS Cell Migration and Invasion
	3.4 Matrine regulated the expression of MAPK/ERK pathway-related proteins in HOS cells
	3.5 Matrine induced apoptosis in HOS cells

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


